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é |]Q+imp>Q5VYi]^ R]QapTptX.VwU�l.R]jZQ+`]l~S�l�_ R�_ RGSTQ�U>V¯lZc5Qap;�mlZp>Qa`zXZR

|�i]gsl.Rdê�c5XZgh\]idSTQ�U�c5XZghg$i]R]_uc�l~ST_ XZR�l.\]\]^ _uc�l~ST_ XZRmpë_upëR]X.S
ì i]QaprST_ XZRml.�]^ Q¹�fQac�l.imp>Q¹X.Vz_ gh\]UTX~oZQa` ì iml.^ _ SrqíX.Vëp>i]�mp>Q5ê
ì i]Q�RGS$ghX.ST_ XZR¹l.Rml.^ qdp>_up��,lZp¿xtQ�^ ^tlZp¿Q5îd\ml.Rm`dQa`�`]l~S�l3imprêl.�]_ ^ _ SrqZ� é |]UTQ�QDgsl~ïrXZUWimp>QapWX.V,U�l.R]jZQD`]l~S�lhl.UTQZð
�yñtlZpTp>_uprS�l.Rmc5QD_ R3c5XZUTUTQap>\fXZRm`dQ�Rmc5Q
QaprST_ gsl~ST_ XZR�ò
�Zñ�p>Q�\ml.U�l~ST_ XZR�X.V$ST|]Q«lZc¤ST_ oZQºóYXZU3gsl.R]_ \]i]^ul~ST_ R]j�ñë|ml.Rm`
VYUTXZgôX.ST|]Q�U6�fXd`dqë\ml.U>S�pWXZU!p>õ�_ Rdê�c5XZ^ XZUTQa`sXZ�dïrQac¤S�p�ò]l.Rm`
�Gñ�lZc ì i]_up>_ ST_ XZRsX.V�ST|]Q!UTQap>i]^ ST_ R]j�XZ�dïrQac¤S¾STU�l~ïrQac¤STXZUTq�_ Rë�~ê�kVYXZU6ghX.ST_ XZR�l.Rml.^ qdp>_up��
ö _ U�prSa�GST|]QD\]UTX.ïrQac¤ST_ XZRzX.Vw|�i]gsl.RëghX~oZQ�ghQ�RGSt_upWl.^ xWlyqdp

l~÷�Qac¤STQa`���qDST|]QtXZ�mp>Q�UTo~l~ST_ XZR�o�_ Q�x6\fXZ_ RGS�l.Rm`DST|]Q6`d_uprS�l.Rmc5Q
VYUTXZg*ST|]Q�c�l.ghQ�U�l�ø �a�yùÃ�Àb�_ Rmc5QëgslZc�|]_ R]Qëo�_up>_ XZR¹p>qdprSTQ�gsp
STUTq3STX�UTQac5X~oZQ�U+imp>Q5VYi]^¾_ RdVYXZUTgsl~ST_ XZRÀl.�fXZidS�l�pTc5Q�R]Q1VYUTXZg
_ S�ph\]UTX.ïrQac¤ST_ XZRmp��;|mlyo�_ R]j¥ST|]UTQ�Q5ê�`d_ ghQ�Rmp>_ XZRml.^¿ó¯�~ê�kDñh`]l~S�l
Q�^ _ gh_ Rml~STQap3l.g$�]_ jZi]_ ST_ Qap�_ R°p>XZ^ o�_ R]j«ST|]Q�_ R�oZQ�U�p>_ XZR�X.Vhl
gsl.R�qGê�STX.êÃXZR]Q¿gsl.\]\]_ R]j ø �yùÃ�+ú3XGprS+jZQaprSTi]UTQ5ê�STU�lZc�õ�_ R]jzl.Rm`
UTQac5XZjZR]_ ST_ XZRsl.\]\]^ _uc�l~ST_ XZRmp¾x6_ ^ ^fc5Q�U>S�l._ R]^ q1�fQ�R]Q5e]S;VYUTXZg0_ Rdê
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c5^ im`d_ R]j�U�l.R]jZQ!`]l~S�l¿l.Rm`hUTQac5X~oZQ�UT_ R]jDlZ`]`d_ ST_ XZRml.^m_ RdVYXZUTgsl~ê
ST_ XZRëVYUTXZgÚlhpTc5Q�R]QZ�
é |]Qs^ul~S>STQ�U$l.^up>X3pTl~ST_upremQap+ST|]Qëp>Qac5XZRm`¥jZXGl.^���Q�^ _ gh_ Rml~S>ê

_ R]j+l.R�q¿UTQ�^ _ul.Rmc5Q¾XZR$�mlZc�õ�jZUTXZi]Rm`¿p>i]�dSTU�lZc¤ST_ XZR¿STQac�|]R]_ ì i]Qapl.Rm`&xtXZUTõdp>\mlZc5Q}UTQaprSTUT_uc¤ST_ XZRmp ó¯c5XZ^ XZU>ê�c5Xd`d_ R]jm�!ghX~oZQ�ghQ�RGS
c5XZRmprSTU�l._ RGS�p���XZUM^ _ gh_ ST_ R]j0_ R]_ ST_ul.^ _ Gal~ST_ XZR@lZpTp>i]gh\dST_ XZRmp�ñ¤�
é |]_up�_up�R]Qac5QapTpTl.UTq6STX+lZc�|]_ Q�oZQ,impTl.�]_ ^ _ Srq+_ R�^ul.UTjZQ�o�_up>iml.^ _ Gal~ê
ST_ XZR�XZUßo�_ U>STiml.^GUTQal.^ _ Srq+Q�R�o�_ UTXZR]ghQ�RGS�p��ßb�imc�|1l.\]\]^ _uc�l~ST_ XZRmp
_ R�oZXZ^ oZQ¿`dq�Rml.gh_uc¿�mlZc�õ�jZUTXZi]Rm`]ptST|ml~S
_ Rmc5^ im`dQ$X.ST|]Q�U!\fQ�X.ê
\]^ QW_ RGSTQ�U�lZc¤ST_ R]j
x6_ ST|1ST|]Q6p>qdprSTQ�g��.lZpßxtQ�^ ^]lZp,p>õ�_ Rdê�c5XZ^ XZUTQa`
Q�^ Q�ghQ�RGS�pW_ R�XZ�dïrQac¤S�pWX.V,_ RGSTQ�UTQaprS!l.Rm`ë_ R��mlZc�õ�jZUTXZi]Rm`]p��
é |]QsST|]_ U�`��fQ�R]Q5e]S1X.V6U�l.R]jZQz`]l~S�l�_up$l.R�XZ��o�_ XZimp¿_ g1ê

\]UTX~oZQ�ghQ�RGS6_ R3STU�l~ïrQac¤STXZUTq�l.Rml.^ qdp>_up�� é U�l~ïrQac¤STXZUTqël.Rml.^ qdp>_up
_upz`dXZgsl._ Rdê�p>\fQac5_ efc.�WqZQ5SzghXGprSzUTQac5XZjZR]_ ST_ XZRµl.Rm`µ\]UTQa`d_uc¤ê
ST_ XZR¹STX�XZ^up$UTQ�^ qÀXZRM�~ê�k@_ R]\]idSa� é U�l~ïrQac¤STXZUTqÀ`dQ5STQ�UTgh_ R]Qap
ST|]Q�Srq�\fQ1X.V¾jZQaprSTi]UTQ$l.Rm`3X.ST|]Q�U+l.\]\]^ _uc�l~ST_ XZRdê�p>\fQac5_ efc�\ml~ê
U�l.ghQ5STQ�U�p�� é |]Q�qhl.UTQ6\mlZpTp>Qa`h��qhl¿ghX.ST_ XZRdêÃ_ RGSTQ�UT\]UTQ5S�l~ST_ XZR
_ RGSTQ�U>V¯lZc5QD\mlZpTp>Qap;STX1ST|]Q¿�mlZc�õGêÃQ�Rm`�p>qdprSTQ�g��

Ö�×�H I � Ù �KJ ç6L �
n RGST_ ^�UTQac5Q�RGST^ qZ�G|]X~xtQ�oZQ�Ua�Zimp>_ R]j$U�l.R]jZQ
`]l~S�l¿VYXZU;STU�lZc�õGê

_ R]j$l.Rm`sX.ST|]Q�U;_ RGSTQ�U�lZc¤ST_ oZQ
l.\]\]^ _uc�l~ST_ XZRmp¾xWlZp¾R]X.S¾VYQalZp>_ �]^ Q
`di]QWSTX�p>\fQ�Qa`hl.Rm`$UTQ�^ _ul.�]_ ^ _ Srq$c5XZRmp>_u`dQ�U�l~ST_ XZRmp��"M!l.R]jZQW_ g1ê
l.jZQ¿lZc ì i]_up>_ ST_ XZR�l.Rm`3c5XZgh\]idS�l~ST_ XZR�_up!l1ST_ ghQ5ê�c5XZRmp>i]gh_ R]j\]UTXdc5QapTp�� ö XZUw_ RmprS�l.Rmc5QZ�y_ S,UTQ ì i]_ UTQap�XZR�lyoZQ�U�l.jZQ,ghXZUTQ¾ST|]Q�R�ON¿p>Qac5XZRm`]p,STX�lZc ì i]_ UTQ!l.Rm`sc5XZgh\]idSTQ!U�l.R]jZQ!`]l~S�lDimp>_ R]j�l
P � é pTc�l.R]R]Q�UhXZRµl�b n {Lb�QÝ[RM!Pô��N]�tl.Rm`«ghXZUTQ�ST|ml.R
�Mgh_ R�idSTQap}imp>_ R]j�l�P;q��fQ�UTxWl.UTQ�pTc�l.R]R]Q�U}XZRBl&b�_ ^ _uc5XZR
S+U�l.\]|]_uc�pUTD�°ó¯c5XZRmp>_u`dQ�UT_ R]jµ|]_ jZ|]Q�U}\]UTQac5_up>_ XZR�lZc�|]_ Q�oZQa`
x6_ ST|�ST|]Q¿^ul~S>STQ�U¤ñ¤��M6Qac5Q�RGS!lyo~l._ ^ul.�]_ ^ _ SrqzX.Vß^ QapTp6Q5îd\fQ�Rmp>_ oZQZ�
V¯lZprSTQ�U�U�l.R]jZQ6`]l~S�lsó§VYXZU¾_ RmprS�l.Rmc5QZ�Gl¿k
_ jZ_uc5^ XZ\mp¾p>qdprSTQ�gÚø �~ùYñ
gsl.õZQapD_ S$l�VYQalZp>_ �]^ Qzp>XZi]U�c5QhX.VW_ RdVYXZUTgsl~ST_ XZR VYXZU¿_ RGSTQ�U�lZc¤ê
ST_ oZQ�VDP:W,l.\]\]^ _uc�l~ST_ XZRmp�ò.|]X~xtQ�oZQ�Ua�.l.RhlZ`]`d_ ST_ XZRml.^]p>\fQ�Qa`di]\
_up
prST_ ^ ^ßR]Q�Qa`dQa`Ý�
[!^up>Xm��l.R3XZ��o�_ XZimp6STU�lZ`dQ5êÃX.÷¥UTQap>i]^ S�p
_ R}l
p>_ jZR]_ efc�l.RGSw^ XGpTpÝ_ R¿ST|]Q ì iml.^ _ Srq+X.V]`]l~S�l]� é |]_upwR]Qac5QapTp>_ S�l~STQapl3R]XZ_up>Qël.Rml.^ qdp>_up¿X.V6U�l.R]jZQë`]l~S�l]�UT
��o�_ XZimp�l.\]\]UTXGlZc�|]Qap��
p>imc�|¹lZp�c�|]X�XGp>_ R]j3ghQa`d_ul.R�U�l.R]jZQso~l.^ i]Qap¿VYXZU1p>Q�jZghQ�RGSTQa`
UTQ�jZ_ XZRmp1XZUsQ�oZQ�RºlyoZQ�U�l.jZ_ R]jm��^ QalZ`«STX�_ ^ ^ ê�`dQ5emR]Qa`«STU�l~ïrQac¤ê
STXZUT_ Qap+ST|ml~Shc�l.R]R]X.S��fQëp>ghX�X.ST|]Qa` XZU�_ RGSTQ�UT\fXZ^ul~STQa`Àx6_ ST|
c5XZR�oZQ�RGST_ XZRml.^fSTQac�|]R]_ ì i]Qap��¾[tS>STQ�gh\dS�p6STXh_ gh\]UTX~oZQ+ST|]Q¿Q5V§êefc5_ Q�Rmc5qhX.VwU�l.R]jZQ
c5XZgh\]idS�l~ST_ XZRël.^up>X�V¯lZc5Q+p>_ jZR]_ efc�l.RGSW`d_ V§ê
efc5i]^ ST_ Qap��6lZpzp>Q�^ Qac¤STQa`ºpTl.gh\]^ QaphgslyqMc5XZRGS�l._ RMSTX�X�g$imc�|
R]XZ_up>Q+STXh�fQ¿UTQ�^ _ul.�]^ QZ�
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b�XZghQ UTQap>Qal.U�c�|]Q�U�pô|mlyoZQ*imp>Qa`�g$i]^ ST_ \]^ QJc�l.ghQ�U�lZp

l.Rm`�ghXd`dQ�^up�STXºXZ�dS�l._ R°�~ê�k ^ Xdc�l~ST_ XZRmp�X.Vh�fXd`dq&\ml.U>S�p��
[ Gal.UT�mlyqZQrï>l.R]_¾l.Rm` Q,Q�RGST^ul.Rm`µø �aù;STUT_ul.R]jZi]^ul~STQa` XZRÀ�]^ XZ�mp
c5XZgh\]UT_up>_ R]jzlsghXd`dQ�^�� SDlyo�UT_ ^ulsl.Rm`}k+lyo�_up�ø �aù�lZ`]`dUTQapTp>Qa`
x6|]XZ^ Q5êÃ�fXd`dq�STU�lZc�õ�_ R]jzx6_ ST|}VYXZi]UDc�l.ghQ�U�lZp!\]^ulZc5Qa`3_ R}ST|]Q
c5XZUTR]Q�U�pÝX.VdST|]QtUTX�XZg��ßb�Q�jZQ�R$l.Rm` P i]gsl.Utø �y�aù�imp>Qa`�`dQ�\dST|
c5i]Qap!VYUTXZgÚ\]UTX.ïrQac¤ST_ XZRmp!X.V�ST|]Q$|ml.Rm`}l.Rm`3_ S�p+p>|mlZ`dX~xíVYXZU
�~ê�k�|ml.Rm`�êÃ\fXGp>QDQaprST_ gsl~ST_ XZR��;k+lyo�_up6l.Rm`3b�|ml.|�\]UTQap>Q�RGSTQa`
l1STU�lZc�õ�_ R]jsghQ5ST|]Xd`���qze]S>ST_ R]j��~ê�k�ghXd`dQ�^up$óYjZQ�R]Q�U�l.^ _ G�Qa`
c5q�^ _ Rm`dQ�U�p�ñ¿STX emR]jZQ�U�p1_ RµlÀ�yê�k�_ gsl.jZQÀø �yùÃ� T!ST|]Q�UTx6_up>QZ�
U�l.R]jZQz`]l~S�l3xWlZp¿imp>Qa`À_ R¹ghX.ST_ XZR¹l.Rml.^ qdp>_up¿\]UT_ gsl.UT_ ^ q¥_ R
l.R«X��s_ R]Q�ghXd`dQ�ø �	��ùÃ� M6Qac5Q�RGSzl.\]\]UTXGlZc�|]Qap¿STXÀ_ gh\]UTX~oGê
_ R]j}Q�
zc5_ Q�Rmc5q¥X.V6U�l.R]jZQz`]l~S�l�ó¯p>imc�|¹lZpzø �
�yùYñ�l~S>STQ�gh\dSTQa`
STX3^ _ gh_ S1prSTQ�UTQ�X}c5XZgh\]idS�l~ST_ XZR STX}p>gsl.^ ^ Q�U¿UTQ�jZ_ XZRmp+VYXZi]Rm`
_ RMUTQap>\fQac¤ST_ oZQ�c5XZ^ XZUh_ gsl.jZQap�� é |]_uph\ml.\fQ�Us_ RGSTUTXd`dimc5Qaphl
� p>Q�^ V§êÃUTQ�^ _ul.RGS��$U�l.R]jZQD\]UTXdc5QapTp>_ R]j1ghXd`dQ¿_ R�x6|]_uc�|�R]XZ_up>Q¿_up
Q5÷�Qac¤ST_ oZQ�^ q¹em^ STQ�UTQa`MXZidSa�6l.^ ^ X~x6_ R]j ST|]Q}UTXZ�]imprSë`dq�Rml.gh_uc
lZ`yïrimprSTghQ�RGS!X.V,gh_ R]_ g$i]gÚl.Rm`ëgsl~îd_ g$i]gÚ`d_up>\ml.UT_ ST_ Qap��
é U�lZ`d_ ST_ XZRml.^,l.\]\]UTXGlZc�|]Qap6STX�STU�lZc�õ�_ R]jzSrq�\]_uc�l.^ ^ q3UTQ�^ _ Qa`

XZRMp>Q�jZghQ�RGS�l~ST_ XZR�X.V!ST|]Q�_ RGSTQ�Rmp>_ Srq¹`]l~S�l]��imp>_ R]j ghX.ST_ XZR
XZU$l.\]\fQal.U�l.Rmc5Qz`]l~S�l]�3[ôgsl~ïrXZUT_ Srq¥X.VWST|]QëghQ5ST|]Xd`]p��fQ5ê
jGl.R«��q«p>Q�jZghQ�RGST_ R]j¥ST|]Q3|�i]gsl.RM�fXd`dq�VYUTXZg ST|]Q3�mlZc�õGê
jZUTXZi]Rm`Ý� ö XZUë_ RmprS�l.Rmc5QZ�
_ R � �]^ XZ��l.\]\]UTXGlZc�|]Qap�� \fQ�XZ\]^ Q
xtQ�UTQÀghXd`dQ�^ Qa`°lZp}lMR�i]g$�fQ�U}X.Vh�]^ XZ�mp�UTQap>i]^ ST_ R]jµVYUTXZg
\]_ îdQ�^6c5^ulZpTp>_ efc�l~ST_ XZR��mlZp>Qa`�XZR�ST|]Q�_ Usc5XZ^ XZU1l.Rm`¹\fXGp>_ ST_ XZR
_ R3ST|]Q1_ gsl.jZQZ��� UTQ�R �5�
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c5XZ^ XZU$l.Rm`¥ST|]QëjZQ�XZghQ5STUTq}X.V6\ml.^ g l.Rm` V¯lZc5QzUTQ�jZ_ XZRmp+VYXZU
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�~�)N]�~ST|]Q!gh_ R]_ g$i]g0p>_ G�Q!_up¾�G�+\]_ îdQ�^up�� � Q!R]X.STQa`1ST|ml~S¾ST|]Q
UTQac¤S�l.R]jZi]^ul.Ut|ml.Rm`�UTQ�jZ_ XZRmpWl.UTQ+imp>iml.^ ^ qëc5^ XGp>Q+STXzp ì iml.UTQap��é |�imp��WxtQ}`d_upTc�l.U�`MUTQ�jZ_ XZRmphx6|]XGp>Q3|]Q�_ jZ|GSað x6_u`�ST|º_upz^ QapTp
ST|ml.RA/}v�w x BDC ��y��cw696óYghQal.R]_ R]j!UTQ�jZ_ XZRmp�ST|ml~Sßl.UTQ,STX�XD�fl~S¤ñ
XZU+jZUTQal~STQ�U
ST|ml.RE/}vzy-{ BDC ��y��cw69�óYghQal.R]_ R]jëST|ml~S+ST|]QhUTQ5ê
jZ_ XZRmp�l.UTQWSTX�XDS�l.^ ^§ñ¤��� Q!imp>Qa`1ST|]Q6U�l.R]jZQ6X.V�ø N]� �Z�d�.�m� N~ù]VYXZU
ST|]Q¿|]Q�_ jZ|GSað x6_u`�ST|�U�l~ST_ Xm�%'��>�;�F�I'F��.9HF�IJA�; A���FHG�>8I59<;�IcD�EJ�J9HF�IJ;�=LK 9<;��LK;é |]Q
\]UTQ�o�_ XZimpMprSTQ�\Ú`dQ5STQac¤S�pµp>õ�_ R@UTQ�jZ_ XZRmp¹_ Rmc5^ im`d_ R]j´V¯lZc5Qap��
|ml.Rm`]p���^ Q�jGpWl.Rm`ëX.ST|]Q�UW�fXd`dqz\ml.U>S�p��dp>_ Rmc5Q
ST|]Q�qël.^ ^Ýc5XZi]^u`
\mlZpTp1ST|]Q}|]Q�_ jZ|GSað x6_u`�ST|ºU�l~ST_ X¹c�|]Qac�õ�� � Q¥lZpTp>i]ghQ�ST|ml~S
ST|]Q�|ml.Rm`�jZQaprSTi]UTQ�Xdc�c5i]U�p6_ R3VYUTXZRGS!X.V�ST|]Q��fXd`dqZ�
b�Xm�mST|]Q
p>õ�_ R�UTQ�jZ_ XZR�c5^ XGp>QaprS¿STX3ST|]Q�c�l.ghQ�U�l�_up�_u`dQ�RGST_ emQa`¹lZp¿ST|]Q
gsl.R]_ \]i]^ul~ST_ R]jÀ|ml.Rm`Ý� é |]Q}�~ê�k�^ Xdc�l~ST_ XZRMX.VDQalZc�|M\]_ îdQ�^
_up¿jZ_ oZQ�RÀ��q U�l.R]jZQh_ gsl.jZQap�� � Që`dQ5STQ�UTgh_ R]QsST|]Që�~ê�kô^ X.ê
c�l~ST_ XZR�X.V!ST|]QëUTQ�jZ_ XZR���q�imp>_ R]j}|]_uprSTXZjZU�l.g1êÃ�mlZp>Qa` U�l.R]jZQ
em^ STQ�UT_ R]j3lZp+ghQ�RGST_ XZR]Qa`¥_ R¹b�Qac¤ST_ XZR��d� �Z�sb�_ Rmc5Q1ST|]Q Gh_ Rdê
c5UTQalZp>QaptVYUTXZg@ST|]Q$c�l.ghQ�U�l1STX~xWl.U�`zST|]Q1pTc5Q�R]QZ�]ST|]Q�UTQ�jZ_ XZR
x6_ ST|ÀST|]Qëp>gsl.^ ^ QaprSB�3_up�_u`dQ�RGST_ emQa`�lZpDST|]Qzgsl.R]_ \]i]^ul~ST_ R]j
|ml.Rm`ºUTQ�jZ_ XZRBó¯lZp�p>|]X~x6R&_ RºST|]Q Q5î]l.gh\]^ Q `d_upTc5impTp>Qa`º_ R
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b�Qac¤ST_ XZR��d� �yñ¤� � Q¥R]X.STQa`MST|ml~SëST|]Q lZc�c5i]U�lZc5q¹X.V�U�l.R]jZQ
`]l~S�lzl.^ XZR]j1ST|]Q$�fXZi]Rm`]l.UTqëX.V,ST|]Q1p>õ�_ R3UTQ�jZ_ XZRmp6c5XZi]^u`��fQ
Qap>\fQac5_ul.^ ^ që^ X~x¿� é |]Q�UTQ5VYXZUTQZ�]xtQDemU�prS!\fQ�U>VYXZUTg@Q�UTXGp>_ XZR�XZR
ST|]Qzp>õ�_ R UTQ�jZ_ XZRmp���l.Rm`¥ST|]Q�R�c5XZgh\]idSTQ1ST|]Qz�~ê�k0^ Xdc�l~ST_ XZR
X.V,UTQ�jZ_ XZRmptimp>_ R]j1ST|]Q¿\]_ îdQ�^upW_ Rmp>_u`dQDST|]Q¿�fXZi]Rm`]l.UTqZ�
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_u`dQ�RGST_ emQa`ëST|]Q¿gsl.R]_ \]i]^ul~ST_ R]js|ml.Rm`¥�8N.�m�
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é xtXDQ�UTUTXZR]Q�XZimpßUTQap>i]^ S�p¾l.UTQ6`di]QWSTX¿_u`dQ�RGST_uc�l.^m`dQ�\dST|sUTQalZ`�ê
_ R]jGpWXZ�dS�l._ R]Qa`zVYXZUWST|]Q+V¯lZc5Q�l.Rm`zST|]QDgsl.R]_ \]i]^ul~ST_ R]jh|ml.Rm`
_ RµST|]XGp>Q�SrxtX¹c�lZp>Qap��íb�Q�^ Qac¤STQa`«VYU�l.ghQaphVYXZUhSrxtX¹pTl.gh\]^ Q
gsl.R]_ \]i]^ul~ST_ XZRmp ó§STU�l.Rmp>^ul~ST_ XZR&l.Rm` G�X�XZgzñzl.UTQ¥p>|]X~x6Rº_ R
ö _ jZi]UTQD�m�
é l.�]^ Q �]ð V
l.Rm` `dQ5STQac¤ST_ XZR UTQap>i]^ S�pÚVYXZULp>Q�oZQ�R p>Q5ê
ì i]Q�Rmc5Qap�ó¯ú V��
gsl.R]_ \]i]^ul~ST_ R]jÌ|ml.Rm`Ý��{
ú V��
R]XZRdê�ú V��
TDb�M��
X.ST|]Q�U�p>õ�_ R-UTQ�jZ_ XZRmp��´{+b�M��
R]XZRdê�p>õ�_ R-UTQ�jZ_ XZRmp��
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ö _ jZi]UTQë�mðëb�Q�^ Qac¤STQa`�VYU�l.ghQap¿VYXZU$SrxtX pTl.gh\]^ Qëgsl.R]_ \]i]^ul~ê
ST_ XZRmp�ðWSTU�l.Rmp>^ul~ST_ XZR¹ó§STXZ\}UTX~x
ñ6l.Rm` G�X�XZg óY�fX.S>STXZg�UTX~x
ñ¤�
V
l.Rm`]p+imp>Qa`}VYXZU+gsl.R]_ \]i]^ul~ST_ XZR l.UTQ�ó¯l.idSTXZgsl~ST_uc�l.^ ^ q]ñ
`dQ5ê
STQac¤STQa`¥l.Rm`¥p>|]X~x6R¥_ R¥Rml~STi]U�l.^,p>õ�_ R c5XZ^ XZU�p��fx6|]Q�UTQalZp!ST|]Q
UTQaprSWX.VßQalZc�|z_ gsl.jZQ+_up6`d_up>\]^ulyqZQa`zlZptjZUTQ�qdpTc�l.^ Q6VYXZUWo�_up>iml.^ ê
_ Gal~ST_ XZR��
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<#"¾FßÒ]<r9;:
[!R�_ gh\fXZU>S�l.RGS6\ml.U>S6X.V,l.R�qzo�_ U>STiml.^ÝUTQal.^ _ Srq¥ó%$ M
ñWp>qdprê

STQ�g2_ups\fXGp>_ ST_ XZRdê�STU�lZc�õ�_ R]jÀl.Rm`Mgsl.\]\]_ R]j&ø �yùÃ� é U�lZc�õ�_ R]j
_up3`dQ5emR]Qa`°lZpëST|]Q�UTQal.^ ê�ST_ ghQÀ\fXGp>_ ST_ XZR°l.Rm`�XZUT_ Q�RGS�l~ST_ XZR
QaprST_ gsl~ST_ XZRíX.VhlMghX~o�_ R]jMXZ�dïrQac¤Sa�¿l.Rm`�gsl.\]\]_ R]jMUTQ5VYQ�U�p
STXµp>i]U>V¯lZc5Q¥ghQalZp>i]UTQ�ghQ�RGS�p��0k
Q�\fQ�Rm`d_ R]jµXZR&ST|]QÀl.\]\]^ _ ê
c�l~ST_ XZR��]STU�lZc�õ�_ R]jsc5Q�U>S�l._ R��fXd`dq�\ml.U>S�p6_up6VYi]Rm`]l.ghQ�RGS�l.^�STX
_ S�pWp>imc�c5QapTpDó§VYXZUW_ RmprS�l.Rmc5QZ��|]QalZ`ël.Rm`ëQ�qZQ!STU�lZc�õ�_ R]j�VYXZUWo�_ ê

p>iml.^Ý`d_up>\]^ulyqdp��G|ml.Rm`�l.Rm`ël.UTg0STU�lZc�õ�_ R]j�VYXZUW|ml.\dST_uc+_ RGSTQ�U>ê
V¯lZc5Qap��ßl.Rm` �fXd`dqÀp>i]U>V¯lZc5Qhgsl.\]\]_ R]j3VYXZU¿o�_u`dQ�Xdc5XZRdVYQ�UTQ�Rmc¤ê
_ R]j�ñ¤� é U�lZc�õ�_ R]jë|�i]gsl.R¥�fXd`dq}\ml.U>S�p+_upDl.^up>X�o�_ S�l.^,_ R¥ST|]Q
c5XZRGSTQ5î�S�X.V�c5XZRGSTUTXZ^ ^ _ R]jDc5XZgh\]idSTQ�U>êÃjZQ�R]Q�U�l~STQa`ëóYXZU,UTQ�ghX.STQyñ
XZ�dïrQac¤S�p¿ó§VYXZU6Q5î]l.gh\]^ QZ�d_ R�STQ�^ Q�UTXZ�fX.ST_uc�p�ñ¤�
ú3XGprS@Q5îd_uprST_ R]j STU�lZc�õZQ�U�p¸p>id÷�Q�UôVYUTXZg `d_upTc5XZg1VYXZU>S>ê

UTQ�^ul~STQa`¹_upTp>i]Qap�ø �yùÃ� ö XZUhQ5î]l.gh\]^ QZ�;ghQac�|ml.R]_uc�l.^;STU�lZc�õZQ�U�p
l.UTQ
_ R]Q5îd\fQ�Rmp>_ oZQDl.Rm`ëUTQalZp>XZRml.�]^ qhlZc�c5i]U�l~STQZ� �tXd`dqGêÃ�mlZp>Qa`
STU�lZc�õZQ�U�ptó¯p>imc�|hlZp,|ml.Rm`hc5XZRGSTUTXZ^ ^ Q�U�p��TïrX~qdprST_uc�õdp��.XZU�|]Q�^ ghQ5S
l~S>S�lZc�|]ghQ�RGS�p�ñ¤�f|]X~xtQ�oZQ�Ua� UTQaprSTUT_uc¤S!p>\fXZRGS�l.R]Q�_ Srq�l.Rm`3Rml~STidê
U�l.^�ghX.ST_ XZR��fx6|]Q�UTQalZp6jZUTXZi]Rm`�êÃ�mlZp>Qa`�`dQ�o�_uc5Qap$óYQZ� jm� �f|ml.Rm`
c5XZRGSTUTXZ^ ^ Q�U�p�ñ�^ _ gh_ S,ST|]QWxtXZUTõdp>\mlZc5Q���q¿^ _ STQ�U�l.^ ^ q¿�]_ Rm`d_ R]jDl.R
XZ\fQ�U�l~STXZU!STXzST|]QhjZUTXZi]Rm`Ý�D[!R]X.ST|]Q�U¿`d_upTlZ`do~l.RGS�l.jZQ�_up
ST|]Q
^ _ gh_ STQa`$R�i]g$�fQ�UßX.V�`dQ�jZUTQ�Qap�X.VmVYUTQ�Qa`dXZg¸ó¯k T ö p�ñ�ST|ml~S�c�l.R
�fQ¿ghQalZp>i]UTQa`¥óYx6|]Q�R�g$i]^ ST_ \]^ Q�^ _ g$�mp6l.UTQDghX~o�_ R]j�ñ¤�
b�_ gh_ ^ul.UT^ qZ�fSTU�lZ`d_ ST_ XZRml.^ßc5XZRGSTUTXZ^up
c�l.R¥l.^up>Xz�fQ1UTQ�\]^ulZc5Qa`

x6_ ST|3jZQaprSTi]UTQap�óYgsl.R]_ \]i]^ul~ST_ XZRmp�ñ¤�
P;XZR�oZQ�RGST_ XZRml.^�c5XZRGSTUTXZ^up
_ Rmc5^ im`dQ��~ê¾l.Rm`��~ê;`d_ ghQ�Rmp>_ XZRml.^Ýgh_uc5Q0¡aSTU�lZc�õ��ml.^ ^c¡TïrX~qdprST_uc�õ
`dQ�o�_uc5Qap�� é |]Q�qµ`d_ ÷�Q�UëVYUTXZgJST|]Q�_ U�`dQap>õGSTXZ\ºQ ì i]_ o~l.^ Q�RGS�p��q�|mlyo�_ R]jëQ5î�STU�lë�]idS>STXZRmpDl.Rm`}x6|]Q�Q�^up
ST|ml~S¿l.UTQ$imp>Qa`3STX
c5XZRGSTUTXZ^;R]X.S
ïrimprS1ST|]Q'& �ÚSTU�l.Rmp>^ul~ST_ XZR�X.V+l¥c5i]U�p>XZUa�ß�]idS
_ S�p�(¹`d_ ghQ�Rmp>_ XZR�l.Rm` UTX.S�l~ST_ XZRmp+_ R�l.^ ^�ST|]UTQ�Qz`d_ UTQac¤ST_ XZRmp��
é |]_upDp>Qac¤ST_ XZR¥p>|]X~x!p!ST|ml~SDXZ\dST_uc�l.^ßSTU�lZc�õZQ�U�p-¡~c5XZRGSTUTXZ^upWc�l.R
�fQ6imp>Qa`$_ RmprSTQalZ`1X.Vr�ZXZU�_ RhlZ`]`d_ ST_ XZR1STXm�ZX.ST|]Q�U¾c5XZRGSTUTXZ^dl.Rm`
STU�lZc�õ�_ R]j¥Q�^ Q�ghQ�RGS�p3ó ö _ jZi]UTQ3�Zñ¤�&P;XZg$�]_ Rml~ST_ XZR«X.V
ST|]Qap>Q
VYi]Rmc¤ST_ XZRmp¿\fXZ_ RGS�pDSTX�ST|]QzQ�
zc5_ Q�Rmc5q}X.VtST|]Qzl.\]\]UTXGlZc�|���_ R
lZ`]`d_ ST_ XZRëSTXhST|]Q�c5XZg1VYXZU>S6_upTp>i]Qap6l.^ UTQalZ`dqz`d_upTc5impTp>Qa`Ý�

Environment

Position in

a VR world

Action/ manipulation

by an operator

interface
Control

Camera-based

Other trackers

Computation of action 
Mapping of new positions and/or change in positions

ö _ jZi]UTQ1�dðKW�RGSTQ�jZU�l~ST_ XZR�X.V¾XZ\dST_uc�l.^w\]UTXdc5QapTp>_ R]jz_ RGSTXël)$ M
p>qdprSTQ�g��
P;XZgh\]idSTQa`}�~ê�k´c5X�XZU�`d_ Rml~STQap6X.V¾|ml.Rm`3\fXGp>_ ST_ XZRmp6VYUTXZg

STU�lZc�õ�_ R]j G�X�XZg l.Rm`ôSTU�l.Rmp>^ul~ST_ XZR@jZQaprSTi]UTQap°óY_ R]\]idS�p>Q5ê
ì i]Q�Rmc5Qap¾l.UTQWR]X.S;p>|]X~x6R�ò.ST|]Q�qhl.UTQ6p>_ gh_ ^ul.U�STX¿XZR]Qap¾p>|]X~x6R_ R ö _ jZi]UTQ¿��ñ6l.UTQ¿STU�l.RmprVYQ�UTQa`ëSTXël*$ MBp>qdprSTQ�g�� ö _ jZi]UTQ �
p>|]X~x!pÝST|]Qtl.\]\]^ _uc�l~ST_ XZR¿X.Vmc5XZgh\]idSTQa`¿|ml.Rm`�êÃghX.ST_ XZR¿STX!ST|]Q
o�_ U>STiml.^w|ml.Rm`¹óYo�_ Q�x°VYUTXZg'l.�fX~oZQZ�]ST|]Q1|ml.Rm`3_up
lëp>gsl.^ ^ Q�U
ghX~o�_ R]j�c5_ U�c5^ Q1x6_ ST|�c5UTXGpTp>|ml._ U�p�ñ¤�1[!RÀl.UTUTX~x�_ R ST|]Q1emU�prS
_ gsl.jZQapDUTQ�\]UTQap>Q�RGS�p¿`d_ UTQac¤ST_ XZRÀX.VWST|]QzghX.ST_ XZRÀ_ RÀST|]Q�& �
\]^ul.R]QZ�:T
R]^ q�p>Q�^ Qac¤STQa`zVYU�l.ghQap6l.UTQD_ Rmc5^ im`dQa`Ý�
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é |]Q+imp>Q5VYi]^ R]QapTpWX.VwU�l.R]jZQ
`]l~S�l$_ R�_ RGSTQ�U>V¯lZc5Qap;�mlZp>Qa`sXZR

|�i]gsl.Rdê�c5XZgh\]idSTQ�U�c5XZghg$i]R]_uc�l~ST_ XZRíl.\]\]^ _uc�l~ST_ XZRmpz_up�R]X.S
ì i]QaprST_ XZRml.�]^ Q¹�fQac�l.imp>Q¹X.Vs_ gh\]UTX~oZQa` ì iml.^ _ SrqíX.Vëp>i]�mp>Q5ê
ì i]Q�RGSßghX.ST_ XZR$l.Rml.^ qdp>_upßlZp�xtQ�^ ^dlZp�Q5îd\ml.Rm`dQa`$`]l~S�l!impTl.�]_ ^ ê_ SrqZ�}[!^ ST|]XZi]jZ|¹^ QapTp�c5XGprST^ qZ�,U�l.R]jZQzlZc ì i]_up>_ ST_ XZR¹l.Rm`À\]UTX.ê
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ö _ jZi]UTQ �]ð,[!\]\]^ q�_ R]j1c5XZgh\]idSTQa`h|ml.Rm`hghX.ST_ XZRhSTX¿ST|]Q!o�_ U>ê
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c5QapTp>_ R]j¿prST_ ^ ^]\]UTQap>Q�RGS�p�lDp>\fQ�Qa`1odp��,`]l~S�l+UTQ�^ _ul.�]_ ^ _ Srq¿STU�lZ`dQ5ê
X.÷,� é |]_up+\ml.\fQ�UD\]UTXZ\fXGp>Qa`}lëghQ5ST|]Xd`3ST|ml~Sa��jZ_ oZQ�R}R]XZ_up>q
l.Rm`�jZQ�R]Q�U�l.^ ^ qzi]R]UTQ�^ _ul.�]^ Q¿U�l.R]jZQ¿`]l~S�l]�fc�l.R�em^ STQ�U
XZidS!Q�U>ê
UTXZR]Q�XZimpz_ RdVYXZUTgsl~ST_ XZR&imp>_ R]j«U�l.R]jZQ}|]_uprSTXZjZU�l.gsp��´{!Q5î�Sa�
imp>_ R]j¿ST|]Q
UTQap>i]^ ST_ R]j$c5XZRmp>_uprSTQ�RGS;`]l~S�lDST|ml~St|mlZp¾\mlZpTp>Qa`1em^ ê
STQ�U�p��ÝST|]_up¿ghQ5ST|]Xd` ^ _ gh_ STQa`¥ST|]Qz`dQ�\dST|�p>Qal.U�c�| p>\mlZc5Qs`dqGê
Rml.gh_uc�l.^ ^ q�imp>_ R]jëghX.ST_ XZR¥|]_uprSTXZUTq�l.Rm`}_ S�pDc5i]UTUTQ�RGSDprS�l~STQZ�
�º_ ST|3V¯lZprSDl.Rm`�UTQ�^ _ul.�]^ Q�U�l.R]jZQ�`]l~S�l]��l.R3XZ�dïrQac¤S+X.V�_ RGSTQ�U>ê
QaprS¾c�l.R$�fQ6p>Q�\ml.U�l~STQa`DVYUTXZgBX.ST|]Q�U,XZ�dïrQac¤S�pßXZUß�mlZc�õ�jZUTXZi]Rm`
��q�`dQ�\dST|}l.^ XZR]QZ� é |]Q�l.^ jZXZUT_ ST|]g@l.^up>Xh_ Rmc5^ im`dQap!lhUTXZ�]imprS
p>õ�_ Rdê�c5XZ^ XZU
p>Q�jZghQ�RGS�l~ST_ XZR�ST|ml~S+_up!_ Rmp>Q�Rmp>_ ST_ oZQ¿STX�c�|ml.R]jZQap
_ R�^ _ jZ|GST_ R]jsc5XZRm`d_ ST_ XZRmp��

��îd\fQ�UT_ ghQ�RGS�l.^WUTQap>i]^ S�ph`dQ�ghXZRmprSTU�l~STQa`�ST|]Q3p>imc�c5QapTp1X.V
ST|]Q \]UTXZ\fXGp>Qa`&l.^ jZXZUT_ ST|]g�� n p>_ R]j«em^ STQ�UTQa`&U�l.R]jZQ `]l~S�l]�
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